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fe{g-&««tti*StlS. titfBJfc«»4 lOffiij^ii, LPF42-l~4 2-n 
(Cffi^j^n, *K&«hSF#Bfc£3jru VC0 4 - 1~4 -njCA^J$tl-g> 0 
H»6JC<fc»;, BtrfSnMOVCO(De)^#M(Dl&^M^{C/SDT 1I©V 
COAlffl, *©^*7£fc»Jte#&ffl;fcl,fcV\, VC04-l~4-n© 
ffi^Mitt&^tl-Ttlf VCO l~fVCOnt'fe»J, #^4 3-1—4 3- 
ntCA;fr£*l£o ZKD^y^jcfe^T, -eti j rti©A^M#ii2olc^ii$$*iT 
ffi;fr£*l&. !&i3PLL®»©ffi;frte#£&y, i2®ffiM$ 
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lit f l ot fesMt r f - l om^§„ $*y-2<Dmtim&m± 

, 2o©A*M^m©M(Di|g*ffli-eS)y, | f LO-f VCOn | 
■V-2<Dm±im-%lZ. ^mit^A 1(0^2 (DXtim^t.t^ 0 VC04-n 
#»f£LT^5fc-r*fc, t&S3PLL|g»#ny*LjMKJIB*T?tt, ^ffiitgcH4 
1 ©2 o©A;dM?»tt^L fIF = | f LO-fVCOn | 

S„ Lfe^T, VC0 4 -n©m*MMIS[f VCOnli | f LO-f I F | T* 
^^tlS. o**J, IJf8BPLLHF||^©#flg^jafflEftf I Ftt, fVCOn 

= I f LO-f if |[:fisns 0 

[0 0 0 6] 

SufBP L L@lS&©Kf^$:^l^ ; E7 :r >'l'$:fflV^T^¥|lf"t"'5>o VC04- 
n^SnTl>5f:t5. fltfBJfrR#4 10fi|§i»IJ||&Kd, VC04 
-n0iil?:Kvi:t5„ LPF4 2- n|C7^U-K7>f^^^^| ) 
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LfctfoT, BufEKte, liffBKd, KflBK vfe«fctJf L P F 4 2 - nO^BBR 
F (s) lCj;oT#fc£So B&ISK d li^»Tf*>«A^ SifSBK v l£— jKKZWfJUillR 
»^«etCi:oTRJ&S. bfctfoT, tulBK v tCJCS DT L P F 4 2 - 1 ~4 2 - 
n ©4#tt SrKtf b & < T tt* & v\, 
[0 0 16] 
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3©tf£^S§^©ffi;frtC^£*l£PL L®j&£l, I0PL L[aJ&(Z)m;frlCg^ 

mt^MWiMm^mmiz-ss^x. t&iaPL L®j& a*\ iui£<z>i:e>&PLL[s5& 

[0 0 24] 

[|§^©Hife©^ffi] 
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(IHJfctf)^ 1 ) 

m 1 «U *f6f(5PL LEi&CDHJSO^M 1 £^UZififEc|g|T3t><5>o 
[0 0 2 6] 

LPF3t, nI©VC0 4-l~4-ni:, ni®A^75-l~5-n 
B(flBVCO©lf#©^->^-7&f!lWr«>WllIS&6 HfribMf&Ztl&o 
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»#f I Ft^5#Ii^I FT^ij, H2©A^#^ ^^-b-2©ffi^j-fl# 

-*tt&«ifc«;**l, fifflHlCJtffiILfc«^ffi*S*lS. LPF3lCfcHT, of 
£f!l#titfBJt«» 1 ©ffiA^tt^SJ&atW&BfegfeStl, VC04-l~4- n 
iCA^7$tl-5 0 VC0 4 - 1-4 -n©mi7#-^{i-etl^tl^j^^ 5- 1-5- 
n<D?1=>(Dim<Dl}7^lZAjj2tl2> 0 WMMm 6 JC J: »J , #l0f^ttf 
«tC/S£T, VCO4-l~4-n0^1i»U £ & »; « 

- h^e>#-^$rffi*i-S 0 *^75-l-5-n©Sl©ffi^M-^ii, ttfgBPL 

tCtt2o©«-3#A#3ft, »1 ©A*«^tt*^ 5- l~5-n©»2©fll 
^^■9-2©H2©A*}C{i. MHfLO0^i#RF-LO 
#A;d£*i£ 0 4\ VC04 - n#ftrf£LT<r>££:t- ^^20fflAM$ 
SI i:fl2©A*^#©««|R||(©|fi^ffiT*y, | fLO-fVCOn 
I ^t2©ffi*ittt, ^?fJ#ffiffiJfc«#10S2©A*'fg#i:3& 

ItfiBPLLlBlft^ny^Ufe^JKTtt, «T»J#feffiitge^l ©2o©A* 
) K^Sfeft, f I F = I f LO-f VCOn | LfctfoT 

. SafBVC0 4 -nCffi^Jltiff VCOnii | fLO-f IF| T*#;t£>*l£ 
o gufBP L Lmj^^\©t5fH#flg^MMf I Fit. fVCOn=| f 

lo- f i f i izmmznz. 

[0 0 2 8] 

frfgB^ OR 5) IC33<^T> tfrSBPL LEH&T?ttl o©LPF 3 fcfflv* 
4fctf>* RlSiDtR2tt-m5 0 BtfBB^-^^K^SffiB^^^J^ 
Kd ^ iEVCO4-n®ilKv0f^J5 o UfctfoT, VC04-1 
~4 -n©^(C/SDT, fulBKd £^*_ftf£ % 1 M<D L P F 0#T?f&gB;i/- ^ 
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[0 0 3 0] 

BT^a^ffiJtieU 1 fc*, 1 4 flltf) h ^yVT^Z Q1~Q1 4t, 
RE ? ftim&^VtWSmi fc#e>*#3*i*. h7>^^Qi~Ql4(i, 

jgL s I ©fcft©7^n^^0»Sft#«r (T) J io. 3*icl33*i*o*<& 

. 3f;Wl- h$I^8(Dll©A* 1 (CiiilifVREF + tVREF-^A 
^26DA*2KltiIiiffVIF + i:VIF-3!(«A*S*l5. 3r/Wt- 
hSt^#§8lC33^T, tffiI3 2 0©igttfe-it#^jS;**U M»«afci 1 £ I 2#flJ 
^J$tl^c 3r/l/A- hfHII#£8 ©2o©A;fcfe-&©J8*iaM:£<. h^>^X# 

±m.wanwL (12-11) i±#c5$ ca 6) T'^e>^ 0 

[0 0 3 1] 

tae] 

12-11 = 13- ("^--1 ) -«6) 
[0 0 3 2] 

Si:, I 3 = a • I RE F £fc&„ h5>^3!Q9, Q 1 0 fctjtj l/> h ^ =5 - 

m®T% *>U>b$.^-it*b I4 = b- IUft*. 

Qll, Q12j^e>«;S*l/>h $ ^-m&CDt) UZs h ^^-it&Zt-b tts 

I5 = b-I2£&£„ h5>^*Q13, Q 1 4 l/> h 5. 
T% # l/y h 5 5-JtS: l ii-TSi:. 16 = 14 nJ»J»te*Bitfc#i l 

(D&timwL (i5-i6) itikiZ (a 7) *e#^e>tie. 
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I5-I6=a-b-IREF- 




m 7) 



[0 0 3 4] 
[0 0 3 5] 



[0 0 3 6] 

a, b tMB&ffifBKSMWKdttl RE FJCifcfcf ■*-<&„ L 

[0 0 3 7] 

F&&EI3 icj* -to 

[0 0 3 8] 



ei»i o£#e>*/*3jns. BuiBh^^^x^Q i 5~qi 8 it. ^rti&mv 

XT?**. tfe> h^>£/*#Q 1 5~Q 1 8 iC&y^jK-^Sr/g^TV^ 
o y*- S l \z& y, hv>i/^^Q l 6©^-^{ih^>^^^Q i 6CDm 
Sy**fcJif^>$?;**Ql 5©^-xi:^M$tl-5 0 X>f s/^S 2 JCJ: 



C«8] 



Kd = 



2-a-b-IREF 



- (Sc 8) 
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y h ^ h7>^* ilDft>\ hy>^^Ql 6~Q 1 8 

h7>i/7^ Q 1 5~Q 1 8 teH DIM XT'feS*^, h^>S/;*#Q 
1 6~Q 1 8©3 U^^m^li^tl^tll 7tC&£ D h^yVTsZQ 1 6©K- 
Q 1 5 <D<-7.\zmWf£*i,. h7>^3(Ql 7, Q18®^ 
— tx-^tl V^yisT^&Q 1 b^y^^ZQ 1 8©x^y# 

^CDTH l/^^m^^tl^V> 0 Ife^ot, IREFIih7>^^Q16(D 
3l/*#m$SEtC^b< I 7£&£ 0 h7>^^Ql 6<D^-*#h^>^X# 
Q 1 6CDX^ y^JCjBKSStU h7>^^Ql 7, Ql 80^-X*H7>^ 

#Q17, Q 1 8tf>12 U##«$fD0)ftnc^L- < 2 • I 7 
[0 0 3 9] 

J^iCDJc^lC, 7>fyf SI, S 2 <010»ICJ: U> BtffS"5r^«^^ 7 £>mt& 
##1 : 2 0 2li0 I REF$:HSM5 3i:^ttS 0 
[0 0 4 0] 

VC04-1~4 -n©«ffi^CJfc£Ttfcfflil3Eifc#J#&S£a. 
&ri:T% PLL®»lc^5lJ&LPF3feiffltcB!f8«"r*ii:^*eS«>©"e, & 

__ , 

[0 0 4 1] 

?&IC. *^WtC^*P LLtaB&©^J6©^»2 fesiwrs. 
[0 0 4 2] 

04 ft*. P L LE»OHS6a)^JB2 *^L/fe«J*0T?&&. 
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[0 0 4 3] 

A. S*-*2i:titfBJfc!fcJHfi l©BatCBr2K3pJ#if<6«l 2^AlfcIt5:#t 
£-r§lIIJ&T*&£ 0 VC04-1-4 - n<D!&mK]&CX*I&%MqBmmi 2<D 

mmzfflffii,. fltfBifcimi i^©A;&g*i&£;t&ffijfcifc#i lommzmt 

[0 0 4 4] 
[0 0 4 5] 

I REFS:ffi*-rs3S«ii«ag»^ig»l 3 tC«£glx.£r 5 EIJfcT* 

[0 0 4 6] 

it^G^fcfcfHBl 1 <DW}WF<DmM\%. fc£z.&Mr. A. B i 1 o t t i iCj; 
& "Applications of a Monolithic Analo 
g Multiplier, "IEEE J. Solid-State Cir 
cuits, vol. SC-3, pp. 373-380, Dec. 1 9 6 8 iCfg 

sefbs-e-sicii, j«t© 2 ay 

[0 0 4 7] 

1. Aj&I, 2©iBliSk ■ T/q «fc»J/J\S< UT, h 5 * Q 1 ~Q 6 # 

[0 0 4 8] 

2. A^Jl, 2©— #©jg*l», H5>^*Q 1 ~Q 6 iZ^4 y*>tfWift& 

k • T/qJ:y*£<U ti&#©tB.I6« h 7 > * Q 1 ~Q 6 ICX-T 
y^>^iM££i±&V^#)JCk • T/q«fc*;/jNS<-rs o &£U ktt^^V 
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[0 0 4 9] 

t£oT. *mfe©J^J»K:«fc*lli, VC0 4 - 1—4 -ntf)^gtCJ&CT"5r^f!l 

&*BJtfc#i i*^»cSiis i ccz)fcr>»<z>ig«» p l Liai&©8*ff-© 

[0 0 5 0] 

*»WJC«« PLLI@ftt©|gJ6©^»3 1:1^5 = 
[0 0 5 1] 

0 6 tt, #|§f53<DP LLE»©ISi©^J83 5:SLfcWT'feS. 
[0 0 5 2] 

^fU#&*BJtfK#l 1 i: ^^ri?-2©raiCL P F 1 6- 1 — 1 6 - m<Z>3fc#Jg^ Lfc 
feOSrffAU Br353pJ»faffiJt««l©«l©A*K:LPF 1 5-1-1 5 - m 
©ft^J«HBbfcfc©fc««&U iflf|0ft6«:VCO4-l~4-n I LPF15 
- 1 — 1 5 -mfei^LP F 1 6-1 — 1 6 - mOWiWO^y^y Sr<K»^*&1W 

[0 0 5 3] 

LPF1 5-1 — 1 5-mhLPFl 6-1—1 6 - m tt. »T3Ef!IflH£ffiJfcR 

mity©MSt»f I F^^^tlS. M'iMi&l 4 1C£*J, LPF 1 5- 1-1 
5 -mOtp^e> -ttl-F^l© f I ¥\Z^m^tsv bt7Mli(5:t)OLPF^lo 
jg#{$*l<5. LPFl6-l~16-mlCoUT^ ft»K-*i*&%Wtf 1 OjB 

[0 0 5 4] 

[0 0 5 5] 
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[0 0 5 6] 

>rt2 1i:, Sfe*2 2 
[0 0 5 7] 

l££3MH*Sl 7Jca3lr*T, IFfc-^Jil, Q##lC£»J^ff£*l3., E££W 
HI 7©m*«-^JiPLLIir»l 8lC#flB«-3fcLTA#3;ri5„ PLL®&1 

q 8jctt, mzmmm-B £rf - Lom^tf a jj z ft. M&ifcf vcoi~f vc 

OnCei^l^ffiMfM^ltffiAStlS. PL L0J&1 8©ffi;frfg-if 

T>5^2 1 fr&SUgStlS. 7>ftX>f>)/f20(:j:y, i£fgf$lC{£y 
^21 ££tfs^2 3£><2*#g^!$*l, §iHlCS7>rt2 1 £^f=^2 2(D& 

[0 0 5 8] 
[0 0 5 9] 

0 H8tt, *^«0MiS«tLT, tft*«ffiS©-««:^Lfc*ritHT 



[0 0 6 0] 

t&gB2HS*2 3 ISfSaT>"r^^>f y^2 0 fc % ItrgBg'fS* 2 2 fc, gfg 
IOADlM2 8t, SfS<BJ©DA»l3t2 9 * fcT - * - 3 0 h 

[0 0 6 1] 

jBHg&2 3lCtt, 2iiy©M^^(C#/SL.T2 0(D«^ft(l§Hl 9-1, 
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1 9-2^ii^e>4x, PLLEJg&l 8;fre>ffi;fr3*lk^*l^;ft<Z)jg$£fcf VCO 
1 ££tef V CO 2 1 9 - 1 , 19-2lCfeV% 

T^OteAtf^lBSftTtfJifcStlS. 3tie>©2o©m^Jif*I^l 9 - 1, 19 
-2tt, l&IB«*«ffi«l 9 (IF) #A 

*StlSfi^8II»l 7, JS2Sfg-if2 (RF-LO) ««A*Sn*PLLia»l 

[0 0 6 2] 

#31-1, 31-2. LNA3 2- 1, 3 2 - 2 „ J^mMM? 4 )\s* 3 3 - 1 
^ , 33-2«J;tf, Mftfe^S*, 3 b««AAStlfi§^34-l, 3 4-2 

t3 6, «$3lifi 7^H3 7, *if gSftHMMBS 3 8 <fc tf, 5 # A# 

[0 0 6 3] 

tui3^fg^2 2 {CfcHT, ^tl^tlCD^^-9-3 4 - 1, 3 4 - 2, 3 6&2o 
©A#fe^&#tf^bi£fc*£*&iB#U d*UC J: U Mift«£&#«rtBi:fcS. 
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